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© Semiconductor device with input protection circuit of high withstand voltage. 



© A semiconductor device equipped with an input 
protection circuit having a high withstand voltage and 
an improved reliability. The input protection circuit of 
the semiconductor device includes a gate insulation 
film (15a) provided on the semiconductor substrate 
(1) corresponding to a region between the source 
region (2a) and the drain region (2a), having a thick- 
ness greater than that of a gate insulation film In the 



FET of the semiconductor device, where one of the 
source region (2a) and the drain region (2a) is con- 
nected with an external input terminal (13) for the 
semiconductor device, while the gate electrode and 
the other one of the source region (2a) and the drain 
region (2a) are connected with a power source (12) 
for the semiconductor device. 
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BACKGROUND OF THE INVENTION 

Field of the Invention 

The present invention relates to a semiconduc- 
tor device equipped with an input protection circuit 
of a high withstand voltage. 

Description of the Background Art 

A semiconductor device such as an EEPROM 
in a non-volatile memory is constructed from two 
types of field effect transistors (FET) provided on a 
common semiconductor chip to which different vol- 
tages are applied. 

For example, an EEPROM of a floating gate 
type is usually constructed from an ordinary volt- 
age FET to be operated by an ordinary power 
source (5V for example) for usual operations and a 
high withstand voltage FET in which writing and 
deleting operations axe carried out by using a high 
voltage (about 20V for example). 

The ordinary voltage FET to be operated by 
the ordinary power source has a configuration 
shown in a section (b) of Fig. 1 which comprises: a 
semiconductor substrate 1 ; a source region 2b and 
a drain region 2b formed in the semiconductor 
substrate 1 ; a gate insulation film 4b formed on the 
semiconductor substrate 1 at a portion sandwiched 
between the source region 2b and the drain region 
2b; a semiconductor poly-crystalline layer 5b as a 
gate electrode provided on the gate insulation film 
4b; and a source electrode 6b and a drain elec- 
trode 6b which are formed on the source region 2b 
and the drain region 2b. 

In this ordinary voltage FET, the electric field 
strength between the source region 2b and the 
drain region 2b is increased as a film thickness x of 
the gate insulation film 4b is made as thin as 250 A 
or less, such that the generation of the hot carriers 
becomes prominent. As a result, the hot electrons 
are accumulated in the gate insulation film 4b, so 
that the threshold voltage is increased while the 
current is decreased. In order to suppress such an 
increase of the threshold voltage and the decrease 
of the current, the FET shown in a section (b) of 
Fig. 1 further comprises low concentration diffusion 
layer regions 8b provided adjacent to the source 
region 2b and the drain region 2b at portions 
underneath the gate insulation film 4b correspond- 
ing to the intervals between the semiconductor 
poly-crystalline layer 5b and each one of the 
source electrode 6b and the drain electrode 6b. 
This structure is called an LDD (Lightly Doped 
Drain) structure which is capable of weakening the 
high electric field strength. 

On the other hand, the high withstand voltage 
FET has a configuration shown in a section (c) of 



Fig. 1 which comprises: a semiconductor substrate 
1 ; a source region 2c and a drain region 2c formed 
in the semiconductor substrate 1; a thick gate 
insulation film 10c formed on the semiconductor 

5 substrate 1 at a portion sandwiched between the 
source region 2c and the drain region 2c; a first 
semiconductor poly-crystalline layer 9c as a first 
gate electrode formed inside the thick gate insula- 
tion film 10c; a second semiconductor poly-cry- 

10 stalline layer 11c as a second gate electrode pro- 
vided on the thick gate insulation film 10c; and a 
source electrode 6c and a drain electrode 6c which 
are formed on the source region 2c and the drain 
region 2c. 

75 In this high withstand voltage FET, the film 

thickness y for a portion of the thick gate insulation 
film 10c located between the first semiconductor 
poly-crystalline layer 9c and the semiconductor 
substrate 1 is made to be thicker than the film 

20 thickness x of the gate insulation film 4b of the 
ordinary voltage FET shown in a section (b) of Fig. 
1, so as to prevent the electrostatic destruction of 
the insulation of the thick gate insulation film 10c 
even when a high voltage is applied to the gate 

25 electrodes. 

Now, this type of a semiconductor device is 
equipped with an input protection circuit provided 
between an input circuit and an input (or input and 
output) terminal, in order to protect the device from 

30 the electrostatic destruction of the insulation. 

Such an input protection circuit has a configu- 
ration shown in a section (a) of Fig. 1 which com- 
prises: a semiconductor substrate 1; a source re- 
gion 2a and a drain region 2a formed in the semi- 

35 conductor substrate 1; a gate insulation film 4a 
formed on the semiconductor substrate 1 at a 
portion sandwiched between the source region 2a 
and the drain region 2a. which is identical to the 
gate insulation film 4b of the ordinary voltage FET; 

40 a semiconductor poly-crystalline layer 5a as a gate 
electrode provided on the gate insulation film 4a; a 
source electrode 6a and a drain electrode 6a which 
are formed on the source region 2a and the drain 
region 2a; and an LDD structure formed by low 

45 concentration diffusion layer regions 8a provided 
adjacent to the source region 2a and the drain 
region 2a at portions underneath the gate insulation 
film 4a corresponding to the intervals between the 
semiconductor poly-crystalline layer 5a and each 

so one of the source electrode 6a and the drain elec- 
trode 6a, where the gate electrode 5a and one of 
the source electrode 6a and the drain electrode 6a 
are connected with a power source 12, while the 
other one of the source electrode 6a and the drain 

55 electrode 6a is connected with the input terminal 
13. 

However, when the FET with the LDD structure 
is employed for the input protection circuit as de- 
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scribed above, the low concentration diffusion layer 
regions 8a generate the heat as the excessive 
voltage is applied to the input terminal 13 because 
the diffusion layer regions 8a have high resistance. 
As a result, a junction between the diffusion layer 
regions 8a and the semiconductor substrate 1 be- 
comes vulnerable because of this heat, and this in 
turn caused the lowering of the withstand voltage. 

SUMMARY OF THE INVENTION 

It is therefore an object of the present invention 
to provide a semiconductor device equipped with 
an input protection circuit having a high withstand 
voltage and an improved reliability. 

According to one aspect of the present inven- 
tion there is provided an input protection circuit for 
a semiconductor device using a FET, comprising: a 
semiconductor substrate; a source region formed in 
the semiconductor substrate; a drain region formed 
in the semiconductor substrate; a gate insulation 
film provided on the semiconductor substrate cor- 
responding to a region between the source region 
and the drain region, having a thickness greater 
than that of a gate insulation film in the FET of the 
semiconductor device; and a gate electrode pro- 
vided on the gate insulation film; wherein one of 
the source region and the drain region is con- 
nected with an external input terminal for the semi- 
conductor device, while the gate electrode and the 
other one of the source region and the drain region 
are connected with a power source for the semi- 
conductor device. 

According to another aspect of the present 
invention there is provided a semiconductor device, 
comprising: a FET; and an input protection device, 
including: a semiconductor substrate; a source re- 
gion formed in the semiconductor substrate; a 
drain region formed in the semiconductor sub- 
strate; a gate insulation film provided on the semi- 
conductor substrate corresponding to a region be- 
tween the source region and the drain region, hav- 
ing a thickness greater than that of a gate insula- 
tion film in the FET of the semiconductor device; 
and a gate electrode provided on the gate insula- 
tion film; wherein one of the source region and the 
drain region is connected with an external input 
terminal for the semiconductor device, while the 
gate electrode and the other one of the source 
region and the drain region are connected with a 
power source for the semiconductor device. 

Other features and advantages of the present 
invention will become apparent from the following 
description taken in conjunction with the accom- 
panying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 



Fig. 1 is a perspective diagram showing a 
cross sectional configuration of a conventional 
semiconductor device with an input protection cir- 
cuit. 

5 Fig. 2 is a perspective diagram showing a 

cross sectional configuration of a first embodiment 
of a semiconductor device with an input protection 
circuit according to the present invention. 

Fig. 3 is a perspective diagram showing a 

io cross sectional configuration of a second embodi- 
ment of a semiconductor device with an input pro- 
tection circuit according to the present invention. 

Fig. 4 is a perspective diagram showing a 
cross sectional configuration of a third embodiment 

is of a semiconductor device with an input protection 
circuit according to the present invention. 

Fig. 5 is a perspective diagram showing a 
cross sectional configuration of a fourth embodi- 
ment of a semiconductor device with an input prc- 

20 tection circuit according to the present invention. 

Fig. 6 is a perspective diagram showing a 
cross sectional configuration of a fifth embodiment 
of a semiconductor device with an input protection 
circuit according to the present invention. 

25 Fig. 7 is a perspective diagram showing a 

cross sectional configuration of a sixth embodiment 
of a semiconductor device with an input protection 
circuit according to the present invention. 

30 DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

Now, the various embodiments of a semicon- 
ductor device equipped with an input protection 

35 circuit according to the present invention will be 
described with references to the drawings. In the 
following description, the embodiments are de- 
scribed in a form of a semiconductor device con- 
structed from an ordinary voltage FET to be op- 

40 erated by an ordinary power source (5V for exam- 
ple) for usual operations and a high withstand volt- 
age FET in which writing and deleting operations 
are carried out by using a high voltage (about 20V 
for example), which is equipped with an input pro- 

45 tection circuit provided between an input circuit 
and an input (or input and output) terminal, in order 
to protect the device from the electrostatic destruc- 
tion of the insulation. 

Referring now to Fig. 2, a first embodiment of a 

so semiconductor device with an input protection cir- 
cuit according to the present invention will be de- 
scribed in detail. 

In this first embodiment, an input protection 
circuit has a configuration shown in a section (a) of 

55 Fig. 2 which comprises: a semiconductor substrate 
1 ; a source region 2a and a drain region 2a formed 
in the semiconductor substrate 1; a thick gate 
insulation film 15a formed on the semiconductor 
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substrate 1 at a portion sandwiched between the 
source region 2a and the drain region 2a; a first 
semiconductor poly-crystalline layer 14a as a first 
gate electrode formed inside the thick gate insula- 
tion film 15a; a second semiconductor poly-cry- 
stalline layer 16a as a second gate electrode pro- 
vided on the thick gate insulation film 15a; and a 
source electrode 6a and a drain electrode 6a which 
are formed on the source region 2a and the drain 
region 2a, where the second semiconductor poly- 
crystalline layer 14a and one of the source elec- 
trode 6a and the drain electrode 6a are connected 
with a power source 1 2, while the other one of the 
source electrode 6a and the drain electrode 6a is 
connected with the input terminal 13. 

In this input protection circuit, the film thick- 
ness y for a portion of the thick gate insulation film 
15a located between the first semiconductor poly- 
crystalline layer 14a and the semiconductor sub- 
strate 1 is made to be about 450 A which is thicker 
than the thickness of the gate insulation film in a 
conventional input protection circuit. As a result, 
within the range of the voltages used for the usual 
operations, it is possible in this input protection 
circuit to prevent the lowering of the reliability due 
to the decrease of the current caused by the in- 
crease of the threshold voltage, without employing 
the LDD structure. 

In addition, the source region 2a and the drain 
region 2a are formed to have a high impurity 
concentration such as 1 x 10 20 cm -3 such that the 
source region 2a and the drain region 2a have low 
resistivity. As a result, even when the excessive 
voltage is applied to the input terminal 13, the 
damaging of the junction between the semiconduc- 
tor substrate 1 and each one of the source region 
2a and the drain region 2a due to the generation of 
heat at the source region 2a and the drain region 
2a can be prevented. 

Moreover, the excessive voltage applied to the 
input terminal 13 can be absorbed by the operation 
of a bipolar transistor formed by the drain region 
2a as a collector region, the semiconductor sub- 
strate 1 as a base region, and the source region 2a 
as an emitter region. 

The ordinary voltage FET to be operated by 
the ordinary power source has a configuration 
shown in a section (b) of Fig. 2, while the high 
withstand voltage FET has a configuration shown in 
a section (c) of Fig. 2, which are identical to those 
of a conventional semiconductor device shown in 
the sections (b) and (c) of Fig. 1, so that their 
description will be omitted. 

It is to be noted that in this first embodiment, 
the input protection circuit has the gate structure 
similar to that of the high withstand voltage FET, so 
that this semiconductor device can be manufac- 
tured without changing types of manufacturing pro- 



cess from those used for manufacturing a conven- 
tional semiconductor device, and therefore it can 
be manufactured at the same production rate as 
the conventional semiconductor device even 
5 though the structure of the input protection circuit 
is different from that of the conventional semicon- 
ductor device. 

Referring now to Fig. 3, a second embodiment 
of a semiconductor device with an input protection 
io circuit according to the present invention will be 
described in detail. 

This second embodiment differs from the first 
embodiment described above in that the first semi- 
conductor poly-crystalline layer 14a and the see- 
rs ond semiconductor poly-crystalline layer 1 6a of the 
input protection circuit shown in a section (a) of 
Fig. 2 are connected together inside the thick gate 
insulation film 15a to form a semiconductor poly- 
crystalline layer 17a shown in a section (a) of Fig. 
20 3, while the other configurations remain identical. 
Similarly, in this second embodiment, the first 
semiconductor poly-crystalline layer 14c and the 
second semiconductor poly-crystalline layer 16c of 
the high withstand voltage FET shown in a section 
25 (c) of Fig. 2 are connected together inside the thick 
gate insulation film 15c to form a semiconductor 
poly-crystalline layer 17c shown in a section (c) of 
Fig. 3, while the other configurations remain iden- 
tical. 

30 The same advantages described above for the 

first embodiment of Fig. 2 are also obtainable by 
this second embodiment of Fig. 3. 

Referring now to Fig. 4, a third embodiment of 
a semiconductor device with an input protection 

35 circuit according to the present invention will be 
described in detail. 

This third embodiment differs from the first 
embodiment described above in that the thick gate 
insulation film 15a shown in a section (a) of Frg. 2 

40 is replaced by a gate insulation film 1 9a shown in a 
section (a) of Fig. 4 which has a film thickness y of 
about 450 A which is equal to that of a portion of 
the thick gate insulation film 15a located between 
the first semiconductor poly-crystalline layer 14a 

45 and the semiconductor substrate 1 in the first em- 
bodiment, and the first and second semiconductor 
poly-crystalline layers 14a and 16a are replaced by 
a single semiconductor poly-crystalline layer 18a 
provided on this gate insulation film 19a, while the 

so other configurations remain identical. Similarly, in 
this third embodiment, the thick gate insulation film 
15c of the high withstand voltage FET shown in a 
section (c) of Fig. 2 is replaced by a gate insulation 
film 19c shown in a section (c) of Fig. 4 which has 

55 a film thickness y of about 450 A which is equal to 
that of a portion of the thick gate insulation film 15c 
located between the first semiconductor poly-cry- 
stalline layer 14c and the semiconductor substrate 
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1 in the first embodiment, and the first and second 
semiconductor poly-crystalline layers 14c and 16c 
are replaced by a single semiconductor poly-cry- 
stalline layer 18c provided on this gate insulation 
film 19c, while the other configurations remain 5 
identical. 

The same advantages described above for the 
first embodiment of Fig. 2 are also obtainable by 
this third embodiment of Fig. 4. 

Referring now to Fig. 5, a fourth embodiment io 
of a semiconductor device with an input protection 
circuit according to the present invention will be 
described in detail. 

This fourth embodiment differs from the first 
embodiment described above in that the thick gate 75 
insulation film 15a shown in a section (a) of Fig. 2 
is replaced by a still thicker gate insulation film 21a 
shown in a section (a) of Fig. 4 which has an extra 
thickness on above the first semiconductor poly- 
crystalline layer 14a, and there is provided a third 20 
semiconductor poly-crystalline layer 20a formed 
above the first semiconductor poly-crystalline layer 
14a inside this extra thickness portion of the still 
thicker gate insulation film 21a, while the other 
configurations remain identical. Similarly, in this 25 
fourth embodiment, the thick gate insulation film 
15c of the high withstand voltage FET shown in a 
section (c) of Fig. 2 is replaced by a still thicker 
gate insulation film 21c shown in a section (c) of 
Fig. 4 which has an extra thickness on above the 30 
first semiconductor poly-crystalline layer 14c, and 
there is provided a third semiconductor poly-cry- 
stalline layer 20c formed above the first semicon- 
ductor poly-crystalline layer 14c inside this extra 
thickness portion of the still thicker gate insulation 35 
film 21c, while the other configurations remain 
identical. 

The same advantages described above for the 
first embodiment of Fig. 2 are also obtainable by 
this fourth embodiment of Fig. 5. 40 

Referring now to Fig. 6, a fifth embodiment of a 
semiconductor device with an input protection cir- 
cuit according to the present invention will be de- 
scribed in detail. 

This fifth embodiment differs from the fourth 45 
embodiment described above in that the first semi- 
conductor poly-crystalline layer 14a and the third 
semiconductor poly-crystalline layer 20a of the in- 
put protection circuit shown in a section (a) of Fig. 
5 are connected together inside the still thicker 50 
gate insulation film 21a to form a semiconductor 
poly-crystalline layer 22a shown in a section (a) of 
Fig. 6, while the other configurations remain iden- 
tical. Similarly, in this fifth embodiment, the first 
semiconductor poly-crystalline layer 14c and the ss 
third semiconductor poly-crystalline layer 20c of 
the high withstand voltage FET shown in a section 
(c) of Fig. 5 are connected together inside the still 



thicker gate insulation film 21c to form a semicon- 
ductor poly-crystalline layer 22c shown in a section 
(c) of Fig. 6, while the other configurations remain 
identical. 

The same advantages described above for the 
first embodiment of Fig. 2 are also obtainable by 
this fifth embodiment of Fig. 6. 

Referring now to Fig. 7, a sixth embodiment of 
a semiconductor device with an input protection 
circuit according to the present invention will be 
described in detail. 

This sixth embodiment differs from the first 
embodiment described above in that the input pro- 
tection circuit shown in a section (a) of Fig. 7 
additionally incorporates an LDD structure formed 
by low concentration diffusion layer regions 23a 
provided adjacent to the source region 2a and the 
drain region 2a at portions underneath the thick 
gate insulation film 14a corresponding to the inter- 
vals between the first semiconductor poly-crystal- 
line layer 14a and each one of the source electrode 
6a and the drain electrode 6a, white the other 
configurations remain identical. 

The same advantages described above for the 
first embodiment of Rg. 2 are also obtainable by 
this sixth embodiment of Fig. 7. 

As described, according to the present inven- 
tion, it becomes possible to provide a semiconduc- 
tor device of a high withstand voltage and an 
improved reliability by employing the FET having a 
gate insulation film thicker than that in an ordinary 
voltage FET to be operated by the ordinary power 
source for the input protection circuit. 

It is to be noted that many modifications and 
variations of the above embodiments may be made 
without departing from the novel and advantageous 
features of the present invention. Accordingly, all 
such modifications and variations are intended to 
be included within the scope of the appended 
claims. 

Claims 

1. An input protection circuit for a semiconductor 
device using a FET, comprising: 

a semiconductor substrate; 

a source region formed in the semiconduc- 
tor substrate; 

a drain region formed in the semiconduc- 
tor substrate; 

a gate insulation film provided on the 
semiconductor substrate corresponding to a 
region between the source region and the 
drain region, having a thickness greater than 
that of a gate insulation film in the FET of the 
semiconductor device; and 

a gate electrode provided on the gate in- 
sulation film; 
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wherein one of the source region and the 
drain region is connected with an external in- 
put terminal for the semiconductor device, 
while the gate electrode and the other one of 
the source region and the drain region are 
connected with a power source for the semi- 
conductor device. 

2. The input protection circuit of claim 1, wherein 
the thickness of the gate insulation film is 
greater than 450 A. 

3. The input protection circuit of claim 1, further 
comprising an additional gate electrode pro- 
vided inside the gate insulation film at such a 
position that the thickness of the gate insula- 
tion film between the additional gate electrode 
and the semiconductor substrate is greater 
than the thickness of the gate insulation film in 



7. The input protection circuit of claim 1, further 
comprising low impurity concentration diffusion 
layer regions provided adjacent to the source 
region and the drain region at portions under- 
neath the gate insulation film corresponding to 
intervals between the gate electrode and each 
one of the source region and the drain region. 



10. The input protection circuit of claim 1, wherein 



the semiconductor substrate, source region, 
and drain region form a bipolar transistor con- 
figuration with the semiconductor substrate as 
a base region, the source region as an emitter 
s region, and the drain region as a collector 

region. 

11. The input protection circuit of claim 1, wherein 
the semiconductor device also includes a high 
10 withstand voltage FET, and the thickness of 

the gate insulation film is equal to that of a 
gate insulation film of the high withstand volt- 
age FET of the semiconductor device. 

75 12. The input protection circuit of claim 11, 
wherein the input protection circuit has a gate 
structure identical to that of the high withstand 
voltage FET. 

13. A semiconductor device, comprising: 
a FET; and 

an input protection device, including: 
a semiconductor substrate; 
a source region formed in the semiconduc- 
tor substrate; 

a drain region formed in the semiconduc- 
tor substrate; 

a gate insulation film provided on the 
semiconductor substrate corresponding to a 
region between the source region and the 
drain region, having a thickness greater than 
that of a gate insulation film in the FET of the 
semiconductor device; and 

a gate electrode provided on the gate in- 
sulation film; 

wherein one of the source region and the 
drain region is connected with an external in- 
put terminal for the semiconductor device, 
while the gate electrode and the other one of 
the source region and the drain region are 
connected with a power source for the semi- 
conductor device. 

14. The semiconductor device of claim 13, wherein 
45 the thickness of the gate insulation film is 

greater than 450 A. 

15. The semiconductor device of claim 13, further 
comprising an additional gate electrode pro- 
vided inside the gate insulation film at such a 
position that the thickness of the gate insula- 
tion film between the additional gate electrode 
and the semiconductor substrate is greater 
than the thickness of the gate insulation film in 
the FET of the semiconductor device. 

16. The semiconductor device of claim 15, wherein 
the gate electrode and the additional gate elec- 



the FET of the semiconductor device. 20 

4. The input protection circuit of claim 3, wherein 
the gate electrode and the additional gate elec- 
trode is connected together inside the gate 
insulation film. 25 

5. The input protection circuit of claim 3, further 
comprising an extra gate electrode provided 
inside the gate insulation film at such a posi- 
tion that the thickness of the gate insulation 30 
film between the extra gate electrode and the 
semiconductor substrate is greater than the 
thickness of the gate insulation film in the FET 
of the semiconductor device. 

35 

6. The input protection circuit of claim 5, wherein 
the extra gate electrode and the additional gate 
electrode is connected together inside the gate 
insulation film. 



8. The input protection circuit of claim 1 , wherein 
the source region and the drain region are 50 
formed to have a high impurity concentration. 

9. The input protection circuit of claim 8, wherein 
the impurity concentration of the source region 
and the drain region is greater than 1 x 10 20 55 
cm" 3 . 
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trode is connected together inside the gate 
insulation film. 

17. The semiconductor device of claim 15, further 
comprising an extra gate electrode provided 5 
inside the gate insulation film at such a posi- 
tion that the thickness of the gate insulation 

film between the extra gate electrode and the 
semiconductor substrate is greater than the 
thickness of the gate insulation film in the FET to 
of the semiconductor device. 

18. The semiconductor device of claim 17, wherein 
the extra gate electrode and the additional gate 
electrode is connected together inside the gate is 
insulation film. 

19. The semiconductor device of claim 13, further 
comprising low impurity concentration diffusion 
layer regions provided adjacent to the source 20 
region and the drain region at portions under- 
neath the gate insulation film corresponding to 

the intervals between the gate electrode and 
each one of the source region and the drain 
region. 25 

20. The semiconductor device of claim 13, wherein 
the source region and the drain region are 
formed to have a high impurity concentration. 

30 

21. The semiconductor device of claim 20. wherein 
the impurity concentration of the source region 
and the drain region is greater than 1 x 10 20 

cm"* 3 . 

35 

22. The semiconductor device of claim 13, wherein 
the semiconductor substrate, source region, 
and drain region form a bipolar transistor con- 
figuration with the semiconductor substrate as 

a base region, the source region as an emitter 40 
region, and the drain region as a collector 
region. 

23. The semiconductor device of claim 13, further 
including a high withstand voltage FET, where 45 
the thickness of the gate insulation film of the 
input protection circuit is equal to that of a gate 
insulation film of the high withstand voltage 
FET. 

50 

24. The semiconductor device of claim 23, wherein 
the input protection circuit has a gate structure 
identical to that of the high withstand voltage 
FET. 

55 
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